1. Introduction {#sec0005}
===============

Carcinomas are uncommon in the pediatric setting, and seldom enter the differential diagnosis of a metastatic lesion. Papillary thyroid carcinoma (PTC) is the most common carcinoma encountered in children and represents up to 3% of all paediatric malignancies \[[@bib0005]\]. Miliary nodules on chest roentgenogram have a wide differential diagnosis which includes infectious, auto-immune and neoplastic causes \[[@bib0010]\]. In geographic regions where tuberculosis is endemic, this is often the leading diagnostic consideration.

This case highlights the importance of considering a differential diagnosis when faced with miliary nodules on a chest roentgenogram. Although uncommon, metastatic carcinoma should not be forgotten in the paediatric age group.

This case has been reported in line with the SCARE criteria \[[@bib0015]\].

1.1. Case presentation {#sec0010}
----------------------

An 11-year-old male presented with worsening respiratory symptoms for two weeks, weight loss, and cervical lymphadenopathy. His past medical history included asthma and severe atopic dermatitis, which at presentation were inadequately controlled. Clinical examination revealed hypoxaemia (oxygen saturation \<92% in room air), respiratory distress and enlarged non-tender cervical lymphadenopathy. The chest roentgenogram showed bilateral diffuse micronodular opacities ([Fig. 1](#fig0005){ref-type="fig"}). The leading diagnostic consideration at this point was miliary tuberculosis given the high prevalence of tuberculosis in our region. However, thorough microbiological investigation, including mycobacterial culture and polymerase chain reaction (PCR) failed to demonstrate *Mycobacterium tuberculosis*.Fig. 1Chest roentgenogram shows bilateral diffuse micronodular opacities.Fig. 1

Tissue was obtained from one of the enlarged cervical lymph nodes to investigate the possibility of lymphoma. Histopathology of the core biopsy showed focal involvement by metastatic carcinoma demonstrating papillary-cystic growth with scattered solid islands and psammoma bodies ([Fig. 2](#fig0010){ref-type="fig"}). The neoplastic cells displayed nuclear enlargement with irregular nuclear membranes, nuclear overlap and "Orphan Annie eye" nuclear inclusions. Immunohistochemical interrogation revealed positivity with cytokeratin (CK) 7, thyroid transcription factor 1 ([Fig. 3](#fig0015){ref-type="fig"}), and thyroglobulin. These findings supported the pathological diagnosis of metastatic PTC.Fig. 2Histopathology shows malignant glands and papillary structures with psammoma bodies and cells with classic papillary thyroid carcinoma nuclear features (H&E, 400× magnification).Fig. 2Fig. 3TTF1 immunohistochemistry labels the neoplastic cells (400× magnification).Fig. 3

Retrospectively, further clinical examination revealed an ill-defined 2,5 × 1,5 cm left thyroid nodule. Ultrasonography confirmed a heterogeneous left thyroid nodule with internal calcifications. Considering the histological diagnosis, the chest roentgenogram findings were reviewed to now include carcinomatosis of the lung. Uncontrasted magnetic resonance imaging (MRI) of the mediastinum and neck revealed a lobulated, predominantly solid thyroid mass that returned heterogeneous T2 high signal and T1 low signal, with associated extensive bilateral cervical lymphadenopathy. Preoperative thyroid scintigraphy was not performed due to local unavailability of radioactive iodine during the Covid19 pandemic. Total thyroidectomy with central and modified left cervical lymph node dissection was performed, preserving the sternocleidomastoid muscle, accessory nerve and internal jugular vein, and removing nodes from zones 2--6. Surgical findings revealed a firm, ill-defined mass involving the left lobe of the thyroid, invading the strap muscles. Multiple pathological lymph nodes were noted in both the central and the left lateral compartments of the neck. Pathological evaluation of the resection specimen revealed extensive multifocal involvement by PTC, with extrathyroidal extension and widespread involvement of cervical lymph nodes. Seven out of 9 nodes in the central compartment were positive, and 15 out of 59 nodes were positive in the lateral compartment. Immunohistochemistry for BRAFV600E was negative.

Postoperative calcium-phosphate metabolism was normal, and the patient did not experience any further adverse events. The postoperative thyroid hormone status was as follows: thyroid stimulating hormone (TSH) 16.47 mU/L (normal range 0.57--4.03), thyroxine (T4) 9.0 pmol/L (8.5--13.6), thyroglobulin 4081.0 ug/L (normal range 3.5--77.0) and antithyroglobulin 15 (normal \<115 U/mL). Postoperative levothyroxine was initiated because of the hiatus in receiving radioactive iodine therapy for the metastatic lung disease. Prior to initiation of thyroid hormone replacement, a whole-body diagnostic I-131 scan revealed extensive uptake of iodine in the lungs bilaterally. This finding confirmed the preoperative impression of widespread pulmonary metastases. The patient was discharged from hospital pending the first course of therapeutic radioactive iodine (RAI) to treat the metastatic lung disease.

2. Discussion {#sec0015}
=============

PTC is the most common histologic type of thyroid carcinoma in the paediatric age group and represents 85--95% of cases \[[@bib0005]\]. The incidence increases with age, with a peak in the paediatric population between the ages of 11 and 17 years \[[@bib0020]\]. Affected children are commonly euthyroid and present with an enlarging neck mass \[[@bib0025]\]. PTC in children tends to present with more aggressive disease including a higher rate of extrathyroidal extension, regional lymph node involvement and distant metastases. Pulmonary metastatic disease is frequently present and has been reported in up to 42% of cases \[[@bib0030],[@bib0035]\]. The most important risk factor for developing thyroid carcinoma is previous diagnostic, therapeutic, or nuclear radiation exposure. Mutations in *BRAF* are important, particularly in cases with no prior radiation exposure \[[@bib0040]\]. The case that we present had no radiation exposure and immunohistochemistry for BRAFV600E was negative.

Sharma has recently outlined an approach to the differential diagnosis of miliary nodules on chest roentgenogram \[[@bib0010]\]. In areas of endemic tuberculosis, this is the most likely consideration and missing or delaying the diagnosis of miliary tuberculosis could prove rapidly fatal. Miliary tuberculosis typically shows micronodules on imaging which measure 1--3 mm in diameter. Another radiological clue to the diagnosis of tuberculosis is the presence of hilar lymphadenopathy. Other infectious aetiologies include histoplasmosis, mycoplasma, nocardia and blastomycosis \[[@bib0045]\]. Sarcoidosis, hypersensitivity pneumonitis, and pneumoconiosis may also present with this pattern. Airway spread from bronchogenic carcinoma can also show a miliary pattern. Haematogenous dissemination of carcinoma, particularly originating from the thyroid or kidney are other causes that are more frequently encountered in the adult population. The nodules in metastatic carcinoma are typically larger than 3 mm and hilar lymphadenopathy is not a usual feature.

The use of RAI therapy for regional and distant metastases is effective in the paediatric age group and partial or complete response is often achieved. The evidence for the routine use of therapeutic postoperative RAI in children without metastatic disease is less clear. It is critical to quantify the risk-benefit ratio as accurately as possible as there are several well-recognised toxicities. These include development of second primary malignancies, adverse reproductive effects, pulmonary fibrosis and effects on salivary glands. Marti et al. examined the development of secondary primary malignancies in a cohort of 3850 young patients who received therapeutic RAI \[[@bib0050]\]. They identified salivary gland carcinoma, leukaemia and renal carcinoma as the most common secondary primary malignancies. Potential adverse reproductive effects of RAI therapy include an increased rate of miscarriage in young women and short-term infertility in males \[[@bib0055],[@bib0060]\]. These effects appear to be reversible and there is no increased risk of teratogenesis \[[@bib0065]\]. Pulmonary fibrosis is of particular concern in patients who have diffuse pulmonary metastases. Fibrosis should, however, not be induced if the current recommended guidelines for dosage are adhered to \[[@bib0070]\]. Despite incomplete remission following a single course of therapeutic RAI, declining thyroglobulin and clinically stable partial remissions can be achieved in children, and additional courses of RAI should be handled restrictively \[[@bib0075]\].

This case highlights the importance of obtaining microbiological confirmation of *Mycobacterium tuberculosis* prior to initiating therapy and discounting the possibility of other causes, and the differential diagnostic considerations of a patient presenting with constitutional symptoms and a miliary pattern on chest roentgenogram.
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